A major challenge facing most countries is the growing cost of healthcare. Laboratory testing costs constitute approximately 3% of all clinical costs, while waste of funds due to inappropriate admissions to clinical departments is reported to be as high as 15%. A frequently used approach to save money in healthcare is random reduction of laboratory budgets, focusing on decreasing the number of unnecessary laboratory tests. The World Health Assembly has approached this problem by publishing a list of essential in vitro diagnostic tests, to achieve a global rationalization of the problem. A much more thoughtful strategy to reducing healthcare expenditure is to improve the efficiency of the diagnostic process. Decreasing the time to a correct diagnosis provides considerable financial and clinical benefits. Additionally, reducing both overutilization and underutilization of laboratory tests while achieving the correct diagnosis is of great benefit to challenged healthcare budgets. Examining the situation in the United States and Italy, this review presents an opportunity for reducing diagnostic error and increasing the efficiency of diagnostic testing worldwide. One approach taken to achieve major savings in healthcare in the United States, which can be applied in Italy and other countries, is the creation of "diagnostic management teams," comprising experts in specialty areas of medicine, primarily based in the clinical laboratory, who can advise physicians on the selection of necessary tests and the interpretation of complex test results.
INTRODUCTION
There is continuous discussion at the World Health Assembly regarding the use of financial resources to promote health and well-being [1] . The first essential in vitro diagnostics list was released by the World Health Organization in May 2017, in recognition of the importance of diagnosis prior to treatment. It includes > 100 tests and will be expanded every year to guide countries regarding appropriate test selection [2, 3] .
Despite the large number of deaths due to diagnostic errors, there is still limited awareness of the possibility of reducing mortality and morbidity by investing in improving diagnostic accuracy and speed [4] . Seventy to eighty percent of the information in medical records consists of laboratory data [5] . The likelihood that a diagnosis is established using information from one or more of the associated diagnostic areas of anatomic pathology and radiology is extremely high in industrialized countries, where such information is readily available [4] .
The growth of genetic testing has enabled the identification of disorders that were previously either undiagnosed or misdiagnosed and therefore not effectively treated. The area of genetic testing that permits identification of effective drugs, known as pharmacogenomics, is dramatically expanding. Treatment with the correct drug at the right time often depends on the perfor-www.annlabmed.org https://doi.org/10.3343/alm.2019.39.2.121 mance of initial genetic laboratory tests; however, recognition of the possibility of more effective drug therapy using laboratory testing is still quite limited across the globe [6] .
Alongside improvements in clinical outcomes that could be realized by modest investments in the diagnostic process, tremendous financial benefits could be gained from rapidly achieving an accurate diagnosis. The reduction in expenditures resulting from shortened time to effective treatment and shortened length of stay for hospitalized patients far exceeds the money spent on testing, regardless of how healthcare is paid for in different countries. Disease complications and the requirement to treat advanced diseases rather than early-stage diseases are both extremely expensive [4, 7, 8] . The response of many hospital leaders, particularly those lacking clinical experience, is to invoke universal reductions and expenditures, without the understanding that a missed or delayed diagnosis is associated with losses in other budgets outside the diagnostic specialties [8] .
Importantly, the citizens of most countries are largely unaware that poor clinical outcomes could be prevented if the diagnostic processes were improved. Healthcare providers in many countries can lose patients, and therefore income, if they reveal to their patients that they were responsible for a diagnostic error. Procedural errors, such as removing the wrong kidney in case of a renal carcinoma or treatment with the wrong drug dose, are easily recognizable causes of mortality and morbidity; however, it is far more difficult to estimate the effect of the greater number of errors related to establishing a diagnosis [8] . While much attention has been paid to improving processes to reduce procedural errors, there is limited, if any, effort in most countries to increase the awareness of institutions and individual healthcare providers regarding the diagnostic errors they have made and the poor outcomes that are attributable to their incorrect selection of diagnostic tests or their failure to correctly interpret the diagnostic test results [8, 9] .
DIAGNOSTIC ERRORS IN THE UNITED STATES
In the United States, there are many causes for diagnostic errors during the diagnosis and treatment of patients [10] . The abundance of lawsuits for medical errors prompts healthcare providers to take a defensive position, which leads to unnecessary "defensive" testing. The lack of attention to laboratory medicine in medical school and by those in practice produces >10,000 new physicians in the United States who "do not know what they do not know" [8, 10] . The disparity between substantial payment for diagnoses using anatomic pathology and radiology and scant payment for establishing a diagnosis via laboratory medicine has resulted in a situation where there are very few experts who are able to help clinicians order the correct laboratory tests and correctly interpret the results (Fig. 1) . A recent report identified the barriers impeding widespread use of expert consultation services through a diagnostic management team in the United States [10] . These include low payment for personalized and expert-driven narrative interpretations in clinical pathology, the demand for laboratory directors with an M.D., the high number of lawsuits for medical errors, the intense competition among healthcare systems, a frequent adversarial relationship between administrative and physician leaders and hospitals, the failure of non-physician leaders to understand the details of the diagnostic process, the demand to quantify savings from diagnoses that are rendered more accurately and more quickly because of expert diagnostic input even though the savings are difficult to quantify and are often realized outside the laboratory, and the lack of clinical pathology coursework in American medical schools [11] .
DIAGNOSTIC ERRORS IN ITALY
Currently, the Italian Government is conducting a review of its healthcare spending. Many of these reductions in expenditures Fig. 1 . Current primary care doctor and consultant roles in making a diagnosis.
The most common diagnosis process worldwide and how it leads to diagnostic errors
The patient presents to a local physician.
The local physician attempts to perform diagnostic tests that potentially identify disease X.
If the physician has seen only a few cases of disease X, consultation with a nearby physician who has seen (perhaps only a few) more cases of disease X may be requested.
An expert with current knowledge regarding disease X, who is not local but easily contactable, who knows how to identify disease X rapidly with the appropriate diagnostic tests and no unnecessary tests, is virtually never consulted because the expert is not local.
Diagnostic error is much more likely to occur because the local doctor has limited experience with disease X.
Patient diagnosis is delayed, the patient is misdiagnosed, the patient is treated with an ineffective therapy, or the diagnosis is achieved but with many unnecessary tests.
The patient has no knowledge that the local doctor is not an expert and that a true expert who is easily contactable was not involved in his or her care.
include activities in the clinical laboratory, and the steps being taken are compromising diagnostic speed and accuracy. In Italy, as in other countries, improvement in diagnostic services that cost little can save thousands to millions of euros. For example, the clinical center in Rome for patients with thalassemia and other anemias was recently closed, even though thalassemia accounted for 14-15% of the anemia cases in an almost exclusively Italian elderly population [12] . The proposed savings from this closure (approximately ten million euro annually) are likely to be offset by the much larger healthcare costs for this patient population; patients are now less likely to be identified and, even if identified, less likely receive the correct treatment. It is impossible to calculate the costs of these losses in terms of diagnostic and treatment support for these patients. Although Italy may have different obstacles hindering the rapid establishment of accurate diagnosis compared with the United States, the number of obstacles is still substantial enough to require major infrastructure improvements in the country's healthcare delivery system. The obstacles to diagnostic management team implementation are more similar than different in the United States and Italy. In Italy, there is also little incentive, financial or otherwise, to perform the considerable extra work to investigate the clinical record and create a patient-specific, expert-driven narrative interpretation of clinical laboratory results.
IMPROVING DIAGNOSTIC SPEED AND ACCURACY IN BOTH COUNTRIES
Over the past 20 years in the United States, but most prominently in the past few years, diagnostic experts have been teaming up to support clinical colleagues who are in direct contact with patients. These teams, known as diagnostic management teams, provide advice on laboratory test selection and test result interpretation [13] [14] [15] ; they have updated information regarding diagnoses in specialized areas, for example, bleeding and clotting disorders. When experts, situated either locally or remotely from the healthcare provider, can provide information while clinical decisions are being made, the likelihood of an efficient diagnostic process is substantially increased. Communication between the diagnostic management team and the treating healthcare provider is becoming simpler, and it now allows for backand-forth questioning until a diagnosis is achieved. Once the diagnosis is established, the patient is ready for treatment, and the most up-to-date information from those who read the latest journals in their specialty is now available. Diagnostic management teams have been created and successfully implemented in many areas, including coagulation, leukemia and lymphoma, transfusion medicine, microbiology/infectious disease, and even the review of presumed child abuse cases for the presence of an underlying bleeding disorder.
The coagulation diagnostic management team at Vanderbilt University in Nashville, TN, USA, was able to dramatically decrease the length of stay, from a national average of 4 days to 2 days, and the cost of care for patients with pulmonary embolisms and intracranial hemorrhages [16] . The diagnostic management team for patients with leukemia and lymphoma at that same institution has improved the diagnostic speed and accuracy of hematologic malignancies [13] . The average cost for each bone marrow in the six months preceding implementation was USD 2,390. The corresponding cost one year later was USD 1,948, a difference of USD 442 per case. Based on an annual institutional volume of approximately 1,800 adult bone marrow specimens, this represented yearly savings to payers of USD 522,000-USD 1,069,200.
There is currently global interest in the creation of diagnostic management teams. Conferences focusing on the creation of diagnostic management teams have been held in Galveston, TX, USA, in 2017 and 2018 [17] , and the information from these meetings has spread globally. Healthcare delivery and payment for healthcare varies significantly across countries. However, a constant finding in all countries, both industrialized and non-industrialized, is the abundance of obstacles impeding the establishment of rapid and accurate diagnosis. The specific obstacles may differ among countries, but they are numerous. As described above, the implementation of diagnostic management teams across the globe could eliminate many of the obstacles to achievement of rapid and correct diagnosis.
CONCLUSIONS
There is a great need for communication between healthcare providers in direct contact with patients and expert diagnosticians; this need continues to grow as clinical records of patients now contain an increasing amount of complex genetic results. The challenges in reaching an accurate and rapid diagnosis are exemplified by the situations in the United States and Italy, which most likely reflect a global need as diagnostic information becomes more abundant and more expensive. 
